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DATA INPUT METHOD AND DEVICE FOR A COMPUTER SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

This invention relates to computer peripheral technology, and more particularly, to a 
5 data input method and device for use with a computer system, which allows the user to input 
data, such as keyboard characters including alphabetic letters, numbers, special marks, and 
control codes, into the computer system. 

2. Description of Related Art: 

Conventional data input methods for inputting data to a computer system are typi- 
0 cally carried out through a keyboard having a pluraUty of keys, each key being used to input 
a certain character, such as an alphabetic letter, a number, a special mark, or a control code, 
into the computer system. When a key is being pressed down by user, it will activate the 
keyboard circuitry to generate a binary signal, called a scan code, and transfer it to the com- 
puter system. Inside the computer, the scan code is mapped to its corresponding keyboard 
1 5 character, which is then displayed on the monitor screen, completing the input of one key- 
board character to the computer system. In addition, a pen-based input device also allows 
the user to input data to the computer system simply by writing the intended keyboard 
character on a drawing pad, which is typically used to input Chinese characters. 

Still another type of data input method is to use a sensing device which is shaped like 
20 a glove into which the user's hand can be inserted, allowing the user to move hisAier five 
hand digits in a specified manner tq. activate the sensing device to generate an electrical 
signal representing a keyboard character intended for input to the computer system. One 
drawback to this glove-like sensing device, however, is that it requires the layout of a 
plurality of small sensor units over the sensing device, which makes the internal circuitry of 
25 the sensing device quite complex and cost-ineflFective to manufacture. Another drawback to 
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this sensing device is that it is fixed in position on the desktop, i.e., immobile, so that it is 
inconvenient for use with a portable computer when the user is traveling. 

Therefore, since aU the above-mentioned conventional types of data input methods 
are inconvenient to use, there exists a need in the computer market for a new data input 
5 method and device that allows the user to input data to a computer system in an easier and 
more convenient way. 

SUMMARY OF THE INVENTION 
It is therefore an objective of this invention to provide a data input method and de- 
10 vice, which allows the user to input data to a computer system in an easier and more con- 
venient way without the use of keyboard or writing board. 

It is another objective of this invention to provide a data input method and device, 
which allows the user to input data to a computer system through hand digit movemems. 
It is still another objective of this invention to provide a data input method and de- 
1 5 vice, which , compared with the prior art, is less complex in circuit structure, so that it can be 
manufactured in a more cost-eflfective way. 

In accordance with the foregoing and other objectives, the invention proposes a new 
data input method and device for inputting data to a computer system. 

The data input method of the invention comprises the foUowing steps: (1) predefin- 
20 ing a set of combinations of hand digit movements, each combination of hand digit move- 
ments representing a specific character; (2) predefining a character mapping table which 
maps each combination of hand digit movements predefined in said step (i) to a specific 
character; (ii) sensing user's wrist muscle movements due to the user's hand digit movements 
representing a character intended for input to the computer system, and thereby producing a 
25 corresponding data signal; (iii) transmitting the data signal to the computer system; and (iv) 
searching through the character mapping table to find the character corresponding to the 
received data signal. 
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The foregoing data input method is implemented as a data input device which is 
pled to the user's wrist. The data input device comprises a piezoelectric element, a signal 
conversion unit, and a signal processing unit. The piezoelectric element can sense the user's 
wrist muscle movements due to the user's hand digit movements representing a keyboard 
5 character intended for input to the computer system, and thereby generate a corresponding 
electrical signal. The signal conversion unit is used to convert the output signal from the 
piezoelectric element to binary form. The signal processing unit then modulates the output 
of the signal conversion unit into transmitable form for transmission to the computer system. 
Inside the computer system, the CPU searches through the character mapping table to find 
LO the keyboard character corresponding to the received signal from the data input device, and 
then displays the keyboard character on the monitor screen, completing the input of one 
keyboard character to the computer system. 

The data input method and device of the invention has the following advantages over 
the prior art. First, the data mput method and device of the invention can be used to replace 
15 conventional keyboards, writing pads, or glove-like sensing devices, for data input to a 
computer system, which is more convenient to use and more cost-effective to manufecture. 
^ Second, the data input method and device of the invention allows the user to input data to a 
computer system simply by bending his/her five hand digits to a specified manner represent- 
ing the keyboard character intended for input to the computer system, which is easy and 
20 effortlessly to carry out. Third, the data input device of the invention is portable, and there- 
fore allows the user to use it with a notebook computer on the road. 

BRIEF DESCRIPTION OF DRAWINGS 
The invention can be more fuUy understood by reading the foUowing detailed de- 
25 scription of the preferred embodiments, with reference made to the accompanying drawings, 
wherein: 
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FIG. 1 is a schematic block diagram showing the basic hardware architecture of a 
computer system coupled to the data input device of the invention; 

FIG. 2 is a flow diagram showing the procedural steps performed by the input device 
of FIG 1 when the user is inputting keyboard characters to the computer system; 
5 FIG. 3 is a flow diagram showing more detailed procedural steps of the flow diagram 

of FIG. 2; 

FIG. 4 is a flow diagram showing more detailed procedural steps of the flow diagram 
of FIG. 3; 

FIGs. 5A-5C are schematic diagrams used to depict the meanings of various hand 
::|0 di^t movements in accordance with the invention; 

i FIG. 6 is a schematic diagram depicting an example of a combmation ofhand digit 

movements by the user to represent a certain keyboard character; 

FIG. 7 is a table showing an example of the mapping of various combinations ofhand 

digit movements to keyboard characters; 

FIG. 8 is a table showing an example of the mapping of various combinations ofhand 

di^t movements to byte values; 

FIG. 9 is a table showing an example of the mapping of various binary signals to 

keyboard characters; and 

FIG. 10 is a flow diagram showing detailed procedural steps to input a keyboard 
20 character to the computer system through the data input method and device of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
FIG. 1 is a schematic block diagram showing the basic hardware architecture of a 
computer system 2 coupled to the data input device of the invention 1. The coupling of the 
25 computer system 2 to the data input device of the invention 1 can be made either through 
cable Unk or wireless link. The data input device of the invention 1 includes a piezoelectric 
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element 11, a signal conversion unit 12. and a signal processing unit 13. The computer 
system 2 includes a CPU 21, a memory unit 22, and a monitor screen 23. 

In use, the data input device of the invention 1 is coupled to the user's wrist in such a 
manner as to allow the piezoelectric element 1 1 to come in direct contact with the skin of the 
wrist, so that the piezoelectric element 1 1 can sense the user's wrist muscle movements due 
to the bending of the use^s hand digits in a specified mamier (described later in this section), 
representing a keyboard character intended for input to the computer system 2, and thereby 
generating a corresponding piezoelectric signal. The output electrical signal fi-om the pie- 
zoelectric element 11 is then transferred to the signal conversion unit 12 where it is 
converted into binary form. The binary output fi-om the signal conversion unit 12 is then 
transferred to the signal processing unit 13, where it is modulated for transmission via the 

cable or wireless link to the computer system 2. 

In the computer system 2, the memory unit 22 stores a character mapping table of 
the mapping of keyboard characters to various combinations of the user's hand digit move- 
ments. In response to the received signal from the signal processing unit 13, the CPU 21 will 
retrieve the corresponding character from the character mapping table in the memory unit 22 
and then display the retrieved character on the monitor screen 23. This completes the input 
of one character from the data input device of the invention 1 to the computer system 2. 

FIG. 2 is a flow diagram showing the procedural, steps performed by the data input 
) device of the invention 1 when the user is using the data input device of the invention 1 to 

input data to the computer system 2. 

As shown, in step 3 1, the data input device of the invention 1 senses the user's vmst 
nmscle movements due to the user's hand digit movements representing the keyboard char- 
acter intended for input to the computer system 2, and thereby produces a corresponding 
5 electrical signal. The procedure then goes to step 32. 

In step 32, the data input device of the invention 1 transfers the input signal to the 
computer system 2. The procedure then goes to step 3 3 . 
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In Step 33, the computer system 2 searches through a predefined character mapping 
table of the mapping of keyboard characters to various combinations of hand digit move- 
ments, and then retrieves the corresponding keyboard character fi-om this character mapping 
table. This completes the input of one character fi-om the data input device of the invention 1 

5 to the computer system 2. 

FIG. 3 is a flow diagram showing more detailed procedural steps of the flow diagram 
of FIG. 2. The data input device of the invention 1 is capable of sensing the user's wrist 
muscle movements due to the user's hand digit movements representing the keyboard char- 
acter intended for input to the computer system, and thereby produces a corresponding 
.0 electrical signal. The keyboard character can be an alphabetic letter, a number, or a special 
character. When using the device, theuser should wear the data input device of the invention 
1 on hisAier wrist, aUowing the user's wrist muscle movements, due to the user's hand digit 
movements, to be sensed by the data input device of the invention 1 . 

As shown, in step 41, the data input device of the invention 1 senses the user's wrist 
j 5 muscle movements due to the user's hand digit movements representing the keyboard char- 
acter intended for input to the computer system. The procedure then goes to step 42. 
^ In step 42, the data input device of the invention 1 produces a corresponding 

electrical signal in response to the sensed wrist muscle movements on the usei^s wrist due to 
the user's hand digit movements representing the keyboard character intended for input to 
20 the computer system. The procedure then goes to step 43 . 

In step 43, the data input device of the invention 1 transfers its output signal to the 
computer system 2. The procedure then goes to step 44. 

In step 44, in response to the received input signal from the data input device of the 
invention 1, the computer system 2,searches through a predefined character mapping table 
25 of the mapping of keyboard characters for various combinations of hand digit movements, 
and then retrieves the corresponding keyboard character from this character mapping table. 
The procedure then goes to step 45. 
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m step 45, the computer system 2 displays the retrieved keyboard character on the 
monitor screen 23. Tlus completes the mput of one keyboard character to the computer 

system 2. 

FIG. 4 is a flow diagram sho xving more detailed procedural steps of the flow diagram 
of FIG. 3. As mentioned earUer, the data input device of the invention 1 includes a piezoe- 
lectric element 11, a signal conversion unit 12, and a signal processing unit 13. The piezoe- 
lectric element 11 is capable of sensmg the user's wrist muscle movements due to the user's 
hand digit movements representing tfie keyboard character intended for input to the com- 
puter system, and thereby producing a corresponding electrical signal come in representing 
the intended keyboard character. While using the device, the user should make hisAier wrist 

contact with the piezoelectric element 11. 

In step 51, the piezoelectric element 11 senses the user's wrist muscle movements 
due to the user's hand digit movements representing the keyboard character intended for 
input to the computer system. The procedure then goes to the step 52. 

In step 52, the piezoelectric element 1 1 produce a corresponding electrical signal m 
response to the sensed wrist muscle movements on the use^s wrist, and then transfers the 
produced electrical signal to the signal conversion unit 12. The procedure then goes to step 
53. 

In step 53, the signal conversion unit 12 converts the received signal into digital 
form, and then transfers the digital output to the signal processing unit 13. The procedure 
then goes to step 54. 

In step 54, the signal processing unit 13 modulates the output signal from the signal 
conversion unit 12 into transmittable form and then transmits the modulated signal via cable 
or wireless link to the computer system 2. The procedure then goes to step 55. 

In step 55, in response to the received signal, the computer system 2 searches 
through a predefined character mapping table to find the corresponding keyboard character. 
The procedure then goes to step 56. 
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to step 56. the computer system 2 displays the retrieved keyboard character on the 
mor^tor screen 23. This completes the input of one keyboard character to the contputer 

system 2. 

FIGS. 5A-5C are schematic diagrams used to depict the meanings of various hand 
5 digit movements in accordance with the invention. In accordance with the invention, each of 
the five digits of a human's hand can be bent into three ranges of angles, including a first 
range of from 0° to 20° (0° < Z < 20°) shown in FIG. 5A; a second range of from 35° to 55° 
(35° < Z < 55°) shown in FIG 5B; and a third range of from 70° to 90° (70° < Z < 90°) 
shown in FIG 5C (in FIGs. 5 A.5C, Z represents the angle between each digit and the desk- 

io top). . . , 

\ The undefined angle range,from 21° to 34° and from 56° to 69° are nonfimctional 

ranges in whichno actions will be activatedbythebendingofthe hand digits. Inthisway,the 

invention defines each digit to represent three levels of data; and therefore, a total of 3' = 
243 levels of data can be represented by bending the five digits of one hand. Atypical com- 
puter keyboard includes a total of only about 100 keys, or sUghtly more or less; and there- 
fore, all the keyboard characters on a computer keyboard can be triggered by the combina- 
tions of hand digit movements in accordance with the invention. 

FIG. 6 is a schematic diagram depicting an example of a combination of hand digit 
movements by the user to represent a certain keyboard character. Assume Ain), « = 1 , 2, or 
3, represents the range of angles the thumb is currently being bent at; B(n\ n = 1, 2, or 3, 
represents the range of angles the index finger is currently being bent at; C(/i), n-\,l, or 3, 
represents the range of angles the middle finger is currently being bent at; D(n), « - 1, 2, or 
3, represents the range of angles the ring finger is currently being bent at; and £(«). n-\,2, 
or 3, represents the range of angles the Uttle finger is currently being bent at. 

Accordingly, when the user bends hisAier thumb, index finger, middle finger, ring 
finger, and littlefinger respectively into the angles of 10°, 45°, 80°, 85°, and 15°, it repre- 
sents [^(1), Bd), C(3), D(3), £(!)]. By predefined character mapping table, this combma- 



I 
J 

.J 

S3 



's. I 
_» J 

13 C 



20 



25 



-8- 



1 



Attorney Docket N\i(^r: 1007-012 




Ref: 21287-1 



,io„ of hand digit movements is mapped to a certain keyboard character. Therefore, each 
keyboard character on the compu^ keyboard on be input by the user to the computer 
system simply by bending hisrt.er five hand digits into the corresponding combination of 

angles. 

5 FIG. Tisatableshowinganexampleofthemappingofvariouscombinationsofhand 

digit movements to keyboard characters. As shown, the combination of hand digit move- 
ments [^(1), 5(1). C(l), Dil), £(2)] is assigned to represent the numerical character "l"; 
[^(1), Bill C(l), DiW E(3)] is assigned to represent the numerical character "2"; [^(1), 
5(1), CO), Dd), E(\)-\ is assigned to represent the numerical character "3"; [^(1), B{\), 
:^0 C(l), D(2), Em is assigned to represent the numerical character M"; [^(1), 5(1), C(l), 
I D(2) £(3)] is assigned to represent the numerical character "S"; [^(1), 5(1), C{\\ D(3), 
Em is assigned to represent the numerical character "6"; [AH), 5(1), C(l), P(3), £(2)] is 
1 assigned to represent the numerical character "7"; [A(lX 5(1), CH), 0(3), EQ)] is assigned 
S to represent the mamerical character "8"; [^(1), 5(1), dD, D(l), £(1)3 is assigned to 
represent the numerical character "9"; and m), 5(1), 0(2), D(l), E(2)] is assigned to 
represent the numerical character "0". Based on thi. character mapping table, when the user 
wants to input a certain numerical character, for example "5", he/she needs just to bend the 
five digits of the hand holding the data input device of the invention into a combination of 
hand digit movements representing [^(1), 5(1), C(l), 0(2), E(3)]; i.e., by bending the 
20 thumb into the (l)st range of angles; bending the index fingers into the (l)st range of angles; 
bendingthemiddlefinger into the(l)st range of angles;bendingthering finger into the(2)nd 

range of angles; and bending the little finger into the (3)rd range of angles. The data input 
device of the invention can sense these hand digit movements and thereby produce a corre- 
sponding electrical signal representing the intended numerical character "5". 
25 FIG. 8isatableshowinganexampleofthemappingofvariouscombinationsofhand 

digit movements to byte values. As shown, the combination of hand digit movements [^(1), 
5(1) C(l), D(l), E(2)] is assigned, to represent the byte value "00000001"; [A(l), 5(1), 
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J . «r«.nt the bvte value "00000010"; [^(D, 5(1), CCD, 
cm Dd) £(3)] is assigned to represent the byte vaiue 

„t the bvte value "00000100"; [^(D, 5(1), C(l), D(2X 
D(2) £(1)1 is assigned to represent the byte value uu , l 

i i . .lea .0 r^^ *e ^.e value -CX^^OOO.. W), CO). ««. «3), .s 
.0 ,e.ese„. v.. ..O0O.0CK«^ ,.(0. .0). «». ^3, . a..e^ 

.0 .pre«« *e Me value "OCOOCKX,., 1.(1). Cd). ^ «^)1 « -Sned .o r^^ 
„e b,.e vah.= "0,000000"; [.0). «.). CO). «3). ^=(3)1 assigned .o .p,ese« *e 

r..n^ RM^ Dfl) £(1)1 is assigned to represent the byte value 
bvte value "10000000"; [^(l),5(l),C:(2),l^(i),^u;J , , ^ 

■loooor; and [.(0. C0. «•). «2)1 is assi^ «> ^eP"- 'He value 
.,0000010" Based on .he character, mappmg table of FIG. S. for e«n.p.e. when the user 

.vAfU mu cm D(l), £(2)], it will activate the 
bends hisAier five hand digits to represent [^(1), 5(1), C(l),i^(), ^ 

. , ^ ..the binary signal "00000001" and transfer It 
data input device of the invention 1. to produce the bmary signal 

to the computer system 2. > ■ . • i 

no 9 is a table showing an example of the ™pping of various bt^r, s^nals to 
.^ard characters, which is stored in the memory unit 22 in the computer system ^ As 
this Character mapping table shows that when the bhtary signal "OOOOC^OO. ,s 
,^..a,itrepresen.stheinp„tof.henumericalcharacter"."ftom.hed«ainputdev,ceo 

— . to the computer system . when the bhtary .gna, "OOOOOOor .s r^v... 

.epres^s the input of the numerical character "1" .om the data input devtce o the mv» 
,„„.tothecompu.ersystem2;whenthebinar,signal"0«00«>.0"isrece.ved.,trepr^s 

^ input Of the ..meriC ch^er "2" *om the da» input device of the inventton 1 to he 
computer system 2; when the binary signal "00000100" is received, it represents the ,npu. 
^ mtmeriC character "3" .om the data input device of the htvenrion 1 to the com^. 
system 2- when the binary signal "0O00.C«O" is received, it represents the mput of the nu- 
merical c;,aracter "4- from the data input device of the invenrion 1 to the computer system 2. 

.Hen the b^ signal "000.0000," is received, it represents the input of the „un,e„c. 
„ "5" from the data htpu. device of the invention 1 to the computer system ^ 
^ binary signal "00100000" is received. H represents the input of the numerrca. character 
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■6. .o™ U« d..a inpu. device of .he . » .he oo™pu.e, sy..en, whe^ *e h...^ 

^g„al"0.000000>is,e.e,ved.i.represen«.heu,pu.of,he„umericalcha^.er fto™.h 

I ,p„. aevice of .he i— : .0 .he con,pu.e. ..en. when .he ^ 

.OOOOOOO. . .eceivea. H rep.esen.s .e .pu. of .he — .h.ae.e, e - 

inp^devieeonhe — no,heco™pu.e.svs.e.2.«he„..«bi„a.,s,g„a. 1000 0^^ 

isLved i. .ep.ese„.s .he o,.he munerioa. chancer .■9" fto^ *e da.a .npu. dev.ce 
:Z .v». J . .o .he .™pu.e. ..e. . and »hen .he h^ .OOOOO.O- ,s 
,eceived.i,.ep«.e.,.hei„pu.of«„nu™erica.charac.e."0»fto™.heda.™pu.dev,ce„f 

.he — . .0 .he 00.^.., „s.en. 2. Afte. .he CPU 21 relieve. «,e co.espond»g 

;t tliPti disolavs the retrieved keyboard Char- 
keyboard character from the memory umt 22, it then displays t 

acter on the monitor screen 23. 'u a 

no .0 is a flow diagram showing deuiled p.ocedur.1 s,eps .o inpu. a keyboard 
^.er.o«.econ,pu.ers,s«n,.hrough*eda.inpu.n»*oda,.deviceof*ei— . 

:„ ^. *e da. tapu. device of *e invenHon , is coupled .o .he use^s wris. so « can 

1- ^ Konric li^«/her five hand digits. Assuming 
sense the ^vrist•s muscle movements when the user bends hisAier five t.an g. 

• i^,t,"i "to the computer system 2, then the foUowmg 
the user intends to input the numerical data 1 tothecompu y 

orocedural steps are performed: . ^ . - 

s.ep 61, .he d«a inp„. device of .he inve„«on 1 is coupled .0 *e users hand u, 
such a n^nner as .0 allow .he pie««lec»ic elen,e« 1 1 .0 come in direC con.aC wi.h .he 

20 usei-s wHst The procedure Aen gMS .o s.ep 62. 

s,ep62.i.canbeleamed*on,*echarac.ermapping«eofFI0.7.ha.*euser 

sHould posi.ion *e »«le of Ms*er five hand digi.s in such . manner as .0 ipve «1), 
CO) mX for .he purpose of inpu.«ng .he numerical da« T. When do,ng.h.s. .he 
pie.«.ecric elemen. 1 1 in .he da.a inpu. device of .he invemion 1 senses .he user's «.s. 
,5 muscle movemen.s caused hy tt.e bending of .he user's five hand digi.s .0 represen. [.(1). 
BW cm. mi mi ^ -po„se. .he pie«.e.ec»ic elemen. 1 1 will produce a corre- 
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Me element 1 1 Wo .he binaxy signal "OOOOOOOl" cor^onding U> [.(.). B(l). C(l). « ). 
^ .Hen — .he h.a. sign, .o .l,e sign, p— nnlU3 . p— 

"Trr.he .gnal ^ - 13 n..u.a.es .he o..u. signal 
..00000<«.» .o. signal conversion unH 12 ln.o „.ns™l.«ble fenn an. .hen ^^^^ 

.He.odula.easigna.vlacableo.w,eless«.o*econ,pu.e.s^.en.ZTheprocea„.e.h» 

0 goes .0 step 65. .,,1 CO) W.^©] "ha 

Instep65,uponrece>vmg[.4(l),B(l).*-U).'A>)> wj 

. „ ■> «™ll learch .hrough the cliaracter mapping table 
of tt„ mvenaon 1, the computer system 2 ™11 searcb t g 
s.ov™lnFIG.9(whichisp«s.oredlnthememo^un.t22).oft.d.hekey 

. „„ding «. "OOOOOOor (in tWs case, the ™.meKcal character T ts found and 



is 



»3 



20 



25 



ttleved). The procedure then goes to step 66. 

in step 66. the CPU 21 disptays fl« numerical charaaer T on .he monrtor screen 
23 This completes .he inputofone keyboard character to the computer system 2. 

h. conclusion, the invention provides a ne« dau input method and devrce. whrch 
allocs the user to .put da. to a computer system by means of bendmg Ms.er «ve ban 
.^.s in a specified manner representhrg a keyboard character intended «>r mpu to the 
computer system. The bending of *e use.s five hand digits ^ then cause wns muse, 
movements »hlch c. be .hen sensed by a pie..ec.ric element . the data mput devr^^f 
.he invenaon. In response, the ple^electric element generics a corr»pondu,g ele^c. 

v^hich is .hen converted Into binary form and transmined via cable or ««eless « 
.!:ompu.er system. Inside .he compu.e. sys.em, .he CPU searches '-^^ 
Character mapping .able .o find the character corresponding to the recerved s,gna, .om 
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a., .p., de.. and d.p.,s .e ,e.Heve. c^er on ^ n.o..o, «ee. ec^p-e- 

the input of one keyboard character to the computer system. 

Idata^utntethodanddeviceofUte — hasthe^— esover 

"^"^.theaata^tntethodanddeviceorthe — canheuseatorep^ce.^^ 

ventiona, .eyhoards. pads. or ,ove-,.e sen,., devices, for data mput » 

„syst«n.».cHismoreconvenien..ouse.ndmorecos.-effectivetomanura«ur. 

sld,thedatainputn,«hoda„ddeviceofthe — a-towstheusertomput 
..atoaco.npu.ers,s.ems^.ybyhendin.Ms.er«vehanadi.tsin.spec«ed™^^^^ 

^resen.^ the oharact^ inte^ » ^ — ^'^^ -""^ 

easy and effortlessly to carry out. „,u^,.,er 
™rd.theda.ainpu.deviceof.hetaven.ionisport.b<e,andthe^oreanowstheu,er 

touseitwith.notebookcomputerwhentraveling. 

The invention has been described using e^empUry prefW embod„nen«. How 
ever it is to he und^stood that the s»pe of the invention is not Umited to the drsCosed 
iriments. On the contrary, it is i^ended to cover various mod^cations a^^s-^ 
^gentents. The scope of the Cms. therefcre. ^ be accorded the broadest mter- 
pretation so a, to encompass all su* nuximcations and sin* arrangements. 
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